Objective: The study aims to elucidate the state of gender equality in epilepsy research, analyzing the representation of female authorships from 2008 to 2016. Methods: Gendermetrics aided in analyzing 106,282 authorships from 22,180 epilepsyrelated original research articles. The key methodology was the combined analysis of the relative frequency and the odds ratio of female authorships. The Prestige Index measures the distribution of prestigious authorships between the two genders. Results: The following were held by women: 39.6% of all authorships and 44.1% of the first, 41.0% of the co-, and 29.0% of the last authorships. Female authors have an odds ratio of 1.25 (95% CI 1.21-1.29) for first, 1.17 (CI 1.14-1.20) for co-, and 0.57 (CI 0.55-0.59) for last authorships. The female authorship ratios showed substantial growth in recent years, with an annual growth rate of 1.7% overall, with 2.4% for first, 1.4% for co-, and 1.9% for last authorships. Women publish fewer articles compared to men (43.8% female authors hold 39.6% of the authorships). Women are also less likely to secure prestigious authorships in articles with many authors that attract the highest citation rates. Multi-author articles with male key authors are cited slightly more frequently than articles with female key authors. Distinct differences at the country level were revealed. The prognosis for the next decade forecasts significantly increasing female odds for first authorships and only slightly higher female odds for last authorships. A female authorship ratio of 49.2% is predicted for the year 2026. Significance: The integration of women in the scientific field of epilepsy is advanced. However, a dichotomy is present: Although the current system promotes early career steps, there is an apparent lack of female research leaders. This structural imbalance is expected to grow in the next decade due to the consistently high increase of female early career researchers. KEY WORDS: Odds ratio, Citation, Productivity, Gender gap.
ordered by hierarchy, whereby early career researchers usually publish as first-or coauthors, whereas research leaders often prefer the last-author position. 12 Furthermore, authorships are key performance indicators in life science: first authorships usually characterize the researchers who contributed most to the work, whereas last authorships are taken as a sign of successful group leadership, for example, by committees making this a criterion in hiring and granting. 11, 13 Consequently, in life science, the prestige of authorships follows a ranked order, with a higher reputation of first and last authorships and a lower reputation of coauthorships. 13 Based on these considerations, Lariviere and colleagues published a study in December 2013 in Nature, 10 where they presented a global and cross-disciplinary bibliometric analysis of the relationship between gender and research output in 5,483,841 research papers. They showed that women account for less than 30% of fractionalized authorships globally. They also demonstrated that women are underrepresented regarding first authorships: for one female first authorship, there were nearly two male first authorships. 10 However, what is the situation for epilepsy research?
To answer this question, we employed the Gendermetrics platform 14 and analyzed the representation of 106,282 male and female authorships from 22,180 epilepsy-related English original research articles published between 2008 and 2016. Furthermore, by incorporating the heterogeneous prestige associated with first, co-, and last authorships, we draw conclusions about the distribution of prestigious authorships based on gender. The analysis of authorships comprises global status and temporal development, differences across countries, and female representation with respect to the number of authors per article. Furthermore, a gender-specific analysis of scholarly productivity and citations was performed. The study concludes with a prognosis concerning the future development of gender disparities within epilepsy research.
Materials and Methods

Data acquisition and integration
The evaluation covers articles from January 1, 2008 to December 31, 2016 . English original research articles were acquired on February 15, 2017 from the Web of Science Core Collection by performing a search with the terms: TITLE: (*Epilep*) OR TITLE: (Aura) OR TITLE: (Anticonvulsant*) OR TITLE: (Seizure) OR TITLE: (Convulsion) OR TITLE: (Anticonvulsive). The terms associated to 'epilepsy' were determined with the aid of the MeSH library (Medical Subject Headings) of the National Library of Medicine to create a representative subset of epilepsy-related articles. Originally, 24,788 articles from 2,556 journals were acquired. However, not all journals allow for correct gender determination of their authors due to the predominance of initials instead of first names. For this reason, we exclude journals with a detection ratio below 50% male or female authorships, particularly, 513 journals and 2,608 articles. As a result, 22,180 articles remain for analysis.
Gender determination
The core of the algorithmic gender determination is a table containing the gender of 77,818 forenames (male, female, or unisex), as described previously in Bendels et al. 14 In total, 26,965 (=42.6%) male authors, 21,017 (=33.2%) female authors, 4,462 (=7.1%) unisex authors, and 10,815 (=17.1%) undefined authors were determined with a relatively little interannual variability (Fig. S2) . Unisex and undefined authors and their authorships were excluded from further analysis (in total 27,303 authorships). As a result, 106,282 male and female authorships affiliated with institutions from 140 countries were analyzed. The research output of a country was measured by considering the authorships of the corresponding institutions. Important here is that the detection ratio depends on the authorships' country (Fig. S3) . To increase the validity of the countryspecific analysis, countries with a detection rate below 70% were excluded from this subanalysis (Fig. S3) . Specifically, among the top 20 most productive countries, the Asian countries China, South Korea (both with high rates of unisex names), and India (with many undefined names) were excluded. Figure S1 gives a general overview of the bibliometric data.
Proportion of female authorships (FAP) and female authorship odds ratio (FAOR)
In this study, first-, co-, and last authorships were considered. In our terminology, co-authorships encompass all authorships between one first and one last authorship. Equally distributed authorships were not considered due to a lack of information. The proportion of female authorships (FAP) is defined as the quotient between the female authorship count and the total sum of male and female authorships. In addition, the authorship-specific odds ratios for female
Key points
• The integration of women in the scientific field of epilepsy is advanced, particularly in comparison to other medical and scientific disciplines
• Epilepsy research is characterized by many female early career researchers and relatively few female research leaders
• The female career dichotomy will likely grow in the next decade primarily due to the disproportional high influx of female early career researches
• The female underrepresentation at prestigious authorships is accentuated in articles with many authors that attract the highest citation rates
• Regionally there are major differences with encouraging examples of well-advanced integration of women authors compared to male authors are determined (female authorship odds ratio, FAOR) with the corresponding confidence intervals (CIs) at a confidence level of 95%. For a simplified representation, a triplet is used to indicate the sign of the significant female odds ratio excess to get a particular authorship. For example, the FAOR-triplet (+, -, =) indicates that women have significantly higher odds for first, lower odds for co-, and equal odds for last authorships. To summarize, the FAP measures the quantitative representation of female authorships, whereas the FAOR quantifies the relative distribution of female authorships among the different authorships. To increase the statistical significance, the FAP/FAOR classification is conducted only for subjects (e.g., countries) with a minimum of 750 male or female authorships.
Prestige Index
The Prestige Index measures the female chance excess of holding prestigious authorships compared to men. It is defined as the prestige-weighted average of the FAOR excess e t that is calculated over all authorship types t (i.e., for first, co-, and last authorships), e t = w t (FAOR t À1), if FAOR t ≥ 1, otherwise e t = w t (1À1/FAOR t ) with the weighting factor w t . First and last authorships are weighted positively (w = 1), whereas co-authorships are weighted negatively (w = À1). 13 This means that higher odds for a middle authorship decrease the Prestige Index, whereas higher odds for a first or last authorship increase the Prestige Index. A value of 0 characterizes a gender-neutral distribution of prestigious authorships, whereas a value above (below) 0 indicates an excess (lack) of prestigious authorships held by women. Average annual growth rates (AAGRs) were used to characterize annual growth rates. The AAGRs of the FAPs and the article count were applied to make a linear prognosis of the temporal development of FAP, FAOR, and Prestige Index for the coming decade. The Pearson correlation was employed to evaluate the linear association between the FAP and the Prestige Index. The null hypothesis, whether the not normally distributed citation rates of the different article groups come from the same distribution, was tested by a Kruskal-Wallis and a follow-up multiple comparison test.
Results
Female authorships on a global level
In a first step, we analyzed the relative frequency and odds ratios of female authorships on a global level. The analysis reveals a moderate underrepresentation of female authorships with 39.6%. We found relatively more first-(44.1%) and co-(41.0%) authorships and a substantially less fraction of last (29.0%) female authorships ( Given that growth rate, the AAGRs of the first (2.4%) and last (1.9%) FAP are above average, whereas the AAGR of the co-FAP (1.4%) is below average.
Considering the corresponding odds ratios for female authorships (FAOR, Fig. 1A ), female authors have an FAOR of 1.25 (95% CI 1.21-1.29) for first authorships, 1.17 (95% CI 1.14-1.20) for co-authorships, and 0.57 (CI: 0.55-0.59) for last authorships. Because the gender-specific differences are statistically significant (p < 0.05), the corresponding FAOR pattern is characterized by the FAOR-tuple (+, +, À) (Fig. 1A top) . With the exception of 2015, the identified FAOR-tuple was constantly present over the whole evaluation period, despite the annually increasing FAP. The associated Prestige Index is on average À0.22, with an evident tendency of growth in the last years (2008: À0.24, 2016: À0.18). However, its negative value indicates that there is a lack of prestigious authorships hold by women.
Differences across countries
On the level of individual countries, we find among the top 20 productive countries a FAP that ranges from 57.6% in Poland to 23.4% in Japan (Table 1) . Various FAOR patterns can be identified (Table 1) , ranging from unfavorable with the FAOR-tuple (=, +, À) present in Iran and Italy, to more favorable with the FAOR-tuple (+, =, =) found in Switzerland. Finland is characterized by gender neutrality regarding all authorship types (FAOR-tuple (=, =, =)). However, most countries show FAOR patterns that are characterized by significantly higher FAORs for first-and lower FAORs for last authorships compared to men. Furthermore, in no country, women have significant higher odds to secure last authorships compared to men. Only in Finland and Switzerland do women have at least equal odds to occupy last authorships. When considering the female chance excess to hold a prestigious authorship, we find countries with very low Prestige Indices, like Italy (Prestige Index = À1.02) and Poland (À0.85) and countries with slightly positive Prestige Indices, for example, The Netherlands (0.23) and Switzerland (0.20) (Table 1) . Although in the first subgroup men have higher odds of holding a prestigious authorship, the latter countries are characterized by a minor odds excess for women to secure prestigious authorships. It is also important to note, that we do not reveal a significant correlation between the Prestige Index of a country and its FAP (q = 0.017, p = 0.94).
Female authorships by authors per article
When analyzing the representation of female authorships as a function of the number of authors per article, we reveal a continuous decrease of the FAOR for last authorships as a function of an increasing author count (Fig. 2) . In particular, the FAOR for last authorships decreases from 0.60 (CI 0.64-0.56) for 1-3 authors to 0.49 (CI 0.40-0.60) for >15 authors per article. This means that men have an about twofold higher odds to secure last authorships in articles with a high-number of authors. By contrast, the FAORs for first or co-authorships show only a minor increase from 1.24 (CI 1.32-1.17) to 1.36 (CI 1.12-1.64) and from 1.16 (CI 1.09-1.24) to 1.21 (CI 1.05-1.39), respectively. Overall, this leads to a slight decrease of the Prestige Index for articles with 10 or more authors (Fig. 2) . Specifically, the Prestige Index declines from À0.20 for articles with 1-3 authors to À0.30 for articles with >15 authors. In addition, the analysis shows a moderate increase of the FAP as the number of authors increases: from 37.4% for articles with 1-3 authors to 44.3% for articles with >15 authors. To summarize, as the number of authors per article increases, the FAP also increases, whereas the Prestige Index marginally declines for articles with ≥10 authors. Thus even though the The relatively time-stable and unbalanced FAOR patterns are characterized predominantly by a significant (p < 0.05) higher female odds to be first-or co-author and a lower odds of assigning a last authorship compared to men (FAOR-tuple (+, +, À)). The FAP is on average 39.6%. The Prestige Index is on average negative, pointing to a lack of prestigious authorships hold by women. (B) The FAP shows a marked annual increase, as documented by its average annual growth rate (AAGR) of 1.6%, with highest AAGR for the first author position (2.4%). Epilepsia ILAE proportion of female authorships increases, the female chance to secure prestigious authorships gets slightly worse in articles with a high number of authors.
Citation & productivity analysis
Regarding gender-specificity of citation rates (Fig. 3A) , multi-author articles with male key authors gain slightly more citations on average than those with female key authors. Articles with a male last or first author attract average citation rates of 10.5 citations/article and 10.1 citations/ article, respectively, whereas articles with female first (9.7 citations/article) or last authorships (9.4 citations/article) have marginally lower citation rates that are on average below the mean citation rate of 9.9 citations/article (Fig. 3A  left) . The analysis of combined key authorships (first/last) show that male/male and male/female articles exhibit on average the highest citation rates, with 10.9 citations/article and 10.5 citations/article, respectively, followed by articles with female/male authors (10.0 citations/article) and female/female authors (9.4 citations/article; Fig. 3A right) . Of interest, single-author articles written by a female author are on average more frequently cited (6.5 citations/article) than those articles with a male author (5.4 citations/article). However, the differences are not statistically significant. In this grouping category, female/female and single author articles are below the mean citation rate. For significance between the different gender-grouped articles we refer to Figure 3A .
Statistically there is a clear tendency that the citation rate of an article becomes higher when more authors are involved (Fig. 3B) . In our data set, single-authored articles are on average cited 5.7 times, whereas articles with>15 authors are cited 26.6 times on average.
The analysis of the gender-specific productivity of authors reveals that women clearly dominate the subgroup "author has one article" (70.0% of the female authors vs. 66.7% of the male authors). In all other subgroups, we found a relative overrepresentation of male authors. In particular, we revealed a clear female underrepresentation at the highest levels of productivity, as 3.3% of the male authors but only 2.0% of the female authors published more than 10 articles. This finding correlates with the higher productivity of male authors, as the 56.2% male authors are responsible for 60.4% of the authorships.
Discussion
Comparison with previous studies
Herein we present, to our knowledge, the first analysis that uses bibliometric tools to address the gender equality of scholarly productivity in epilepsy research. Although analysis reveals a moderate underrepresentation of female authorships, with a FAP of 39.4% at the global level, the female proportion in epilepsy research is significantly higher than percentages determined for the whole area of science (30%), 10 for six major medical journals (34%), 3 and for related studies concerning the research fields of schizophrenia (37.6%) 11 and stroke (36.2%, not published). The subanalysis demonstrates an uneven distribution of female authors across different authorships, with significantly higher female odds of holding first or coauthorships and a lower female odds of occupying last authorships (FAOR-tuple (+, +, À)). This FAOR pattern was identified recently as the authorship pattern that is globally predominant according to a comparable study that analyzed the state of gender equality in 54 highquality journals for the same time period, which included the research categories Life Science, Multidisciplinary, Earth & Environmental, and Chemistry (unpublished data).
The revealed FAOR pattern mirrors the structural imbalance within the scientific field of epilepsy research, namely one that is defined by many female early career researchers and a significantly lower proportion of female principal investigators. This gender-specific career dichotomy has been discerned in most scientific disciplines, 10 including the various medical research fields. 1, 4, 5 Although the distribution of prestigious authorships has become more gender neutral during the past decade, there remains a lack of prestigious authorships held by women. Specifically, the high FAOR of securing first authorships does not compensate the unfavorable FAORs to hold co-or last authorships. This finding is Female authorships by authors per article. Articles were grouped by the number of authors per article. As the number of authors increases, the FAP also increases (from 37.4% for 1-3 authors to 44.3% for >15 authors), whereas the FAOR for last authorships decreases. By contrast, there is no direct relationship between the authors per article and the FAORs for first-and co-authorships. As a result, the Prestige Index (PI) decreases for higher number of authors, indicating lower odds for women to secure prestigious authorships. Epilepsia ILAE remarkably, given that (1) publishing in a more prestigious authorship role is a key aspect to career advancement [15] [16] [17] and (2) especially last authorships are taken as a sign of successful group leadership. 13 Consequently, the underrepresentation of women at prestigious authorships may potentially hinder their further career advancement. 18 As is the case in many other disciplines, 4, 5, 7, 10, 19 women publish fewer papers than men: 43.8% female authors are responsible for 39.4% of the authorships in epilepsy research. This mismatch is less pronounced compared to other medical disciplines like the field of schizophrenia research, where 45.5% female authors hold 37.6% of the authorships, 11 or in stroke research, where 40.4% female authors are responsible for 36.2% of the authorships (authors' unpublished data).
Possible explanations for observed results
Reasons for the overrepresentation of female co-authors include the high proportion of early career female researchers who have entered the field of medicine in recent decades. 1, 9 Other reasons discussed by West et al. 18 point to unsuccessful female negotiating for more prestigious authorship positions as well as a lower level of significant female contribution to articles than previously. Potential reasons for the lower productivity of female scholars include the findings that women's publication rates start to increase later in their career 7 and that senior scientists-primarily male-usually have higher productivity than early career researchers. 6 Due to these structural reasons,
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women are also underrepresented at prestigious authorships in articles with many authors (Fig. 2) , for example, collaborative articles, attracting the highest citations rates (Fig. 3B) . 20 This is also perhaps why multi-author articles with female key authors are cited slightly less often than those with male key authors, especially because articles authored by a female sole author are more frequently cited than those by a male author (Fig. 3A) . In this regard, it should be noted that men cite themselves more compared with women. 21 However, it should be mentioned that the gender-specific differences in citation rates are relatively small and less distinctive compared to previous studies from other scientific disciplines. 10, 18, 22, 23 Of interest, in all of our studies thus far we found a clear correlation between the female underrepresentation at prestigious authorships in articles with many authors and the degree of difference in citation rates between the two genders. This finding suggests that the uneven distribution of key authorships in highimpact research collaboration articles is primarily responsible for the differences in citation rates between men and women.
Regional and journal-specific aspects
Apart from the global level, we found distinct differences at the country level. In particular, The Netherlands, Switzerland, Brazil, Finland, and Israel offer examples of countries in which women are favored to secure prestigious authorships. Finland is a notable case-with a high FAR of 54.4%--providing gender neutrality with respect to all author positions. It is plausible to assume that the countryspecific differences are primarily due to sociocultural characteristics, see, for example, the traditional gender roles in Japan. 24 The integration of female scientists correspond to an extent with the Global Gender Gap Report 2016, 25 in which The Netherlands, Switzerland, and Finland are ranked among the top 16 countries of the total of 144 countries across the world. This information could serve as an orientation for women with scientific interests in the field of epilepsy.
Notably, we do not reveal a significant correlation between the distribution of prestigious authorships of a country and the corresponding FAP. Evidently, countries with a high FAP may also lead to disadvantageous career opportunities for women and vice versa. Poland and Italy are excellent examples of this finding, since they feature high FAPs (57.6% and 50.2%, respectively), but also have the lowest Prestige Indices (À0.85 and À1.02, respectively) among all countries.
Furthermore, the analysis of journal categories (Table S1 ) confirms previous findings regarding the participation of women, with the lowest female ratios for the subjects Engineering, Computer Science, Surgery and Radiology, Nuclear Medicine, and Medical Imaging and the worst female odds of holding prestigious authorships in the journal categories Surgery and Computer Science. 10, 26 As is the case for countries, we do not find a significant correlation between the FAP of a journal category and the distribution of prestigious authorships. Both findings contradict the theory of critical mass, 27, 28 stating that once the proportion of women in a scientific field rises above a threshold of 30-35%, their impact on culture change would trigger an increase of female influence and career options. Remarkably, we also do not find a significant correlation between the 5-year impact factor of a journal and its Prestige Index measuring the distribution of prestigious authorships according to gender (Fig. S4 ). This finding also speaks for the advanced integration of female scientists and against the existence of an "old boys' network" in the field of epilepsy research.
Methodological limitations
Methodologically, we extend traditional frequency-based approaches 1, [29] [30] [31] by examining the odds ratios of female authorships 3 and taking into account the different prestige of the authorships. However, the scope of this methodological approach is limited by the absence of information concerning the scholar's academic position (e.g., associate professor vs. full professor), as well as data providing information about age, employment status, academic degree, and information regarding a scholar's participation on editorial boards. 1, 6 It is also important to note that the obtained citation rates are biased toward the early phase of investigation (2008-2010) due to the time-delayed occurrence of citations ("cited half-life"). 32 
Conclusion and outlook
To summarize, the integration of women in the scientific field of epilepsy is advanced, with a view to other medical and scientific disciplines. However, although there seem to be very good early career opportunities for women-with better chances as first authors compared with men-the relatively large fraction of women remains underprivileged in terms of last authorship odds at every system level screened. Because there is a temporal aspect present within the distribution of authorships (current female first authors may become future female senior authors), 18 one can plausibly anticipate a significant increase in female leadership positions in the coming decades. However, whether this increase Based on these data, a linear prognosis of female authorships forecasts a substantial increase of the FAOR for first authorships for 2026 (from 1.27 to 1.59), although only a marginally growing FAOR for last authorships (from 0.60 to 0.61). According to this projection, the imbalance in authorship odds is predicted to grow in the next decade, primarily due to the consistently high influx of female early career researchers into the field of epilepsy (a FAP of 49.2% is forecast for 2026). Pursuant to this forecast, an array of studies has recently reported a marked persistence in the female career dichotomy despite a considerable increase in female first authorships. 1, 4, 5, 33 Possible causes for this leaky pipeline at transition points between doctorate, postdoc, and professor 34 include altered life priorities such as family planning, 10 a lack of role models, 34 an insufficient work-life balance, 1 differences in career preferences, 35 institutional obstacles, 27 and male-dominated networks. 10 In light of this, the analysis presented above offers a departure point for further research. The relevant data generated by continual tracking in the upcoming years can determine whether the inequalities concerning the gender distribution of research leaders are becoming more balanced. 
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